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DISPLAYING SEISMIC SECTIONS IN ISOMETRIC VIEW

ABSTRACT OF THE DISCLOSURE

The present invention provides a new and improved

method of displaying a plurality of seismic sections of

geophysical data on a two-dimensional surface in an iso-

metric view, while the display so formed is a display of

increased information content.
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BACKGROUND OF INVENTION

1. FIELD OF INVENTION:

This invention relates to a method of displaying

geophysical data and to a display of such data thus produced.

The invention is particularly though not exclusively con-

cerned with the display of data obtained by seismic methods.

2. DESCRIPTION OF PRIOR ART:

In investigating an area of the subsurface of the

earth seismically a series of seismic readings or traces are

taken along intersecting lines which define a grid. Typi-

cally this will be a rectangular grid though it need not be.

Each such trace indicates the way in which the subsurface

of the earth at the point at which it was taken varies with

depth. The problem then arises of displaying the traces in

such a way as to produce a display which is meaningful to

the eye and from which, therefore, features of particular

interest can be picked out..

SUMMARY OF INVENTION

It is an object of the invention to provide a

display of seismic traces and a method of obtaining it.

According to the invention there is provided a geophysical

data display representing physical data concerning a portion

of the subsurface of the earth which comprises a plurality

of sections displayed on a two-dimensional surface in an

isometric view. As used in describing the present invention

"isomotric" is intended to mean the representation of an

object on a single plane with the object placed as in an

isometric projection, disregarding any foreshortening ef-

fect. It could alternatively be regarded as a perspective

view in which the relative lengths and directions of lines
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forming the object are as they would be if the view were

taken at an infinite distance from • the object.

The invention also provides a method of displaying

geophysical data in which the data is in the form of a plur-

ality of sections forming a grid and each section is composed

of a plurality of traces running transversely to the length

of the section, wherein the coordinates of the beginning and

end of each trace are computed in such a way that in any sec-

tion each trace is offset parallel to its length by a

selected amount with respect to the adjacent traces, the

said amount being determined in dependence of the view de-

sired. All the traces labelled with the computed coordinates

are fed to storage. All the stored traces which lie along

the same straight line parallel to their length are read out

to form a composite trace in which parts of the trace re-

place one another if in the desired view they would cover

one another. The read-out is performed successively for

each said straight line, and all the composite, traces are

fed to a two-dimensional display means where they are dis-

played as an isometric view.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a seismic or geophysical display ac-

cording to the present invention; and

Figs. 2A, 2B and 2C are portions of a flow chart

schematically representing the processing technique of the

present invention.

DESCRIPTION OF PREFERRED EMBODIMENT

An example of a method according to the invention

will now be described in the preferred embodiment with ref-

erence to the accompanying flow chart (Figs. 2A, 2B and 2C)



which sets out schematically the steps involved in con-

structing a display using an electronic computer.

The seismic traces to be displayed have been taken

during a seismic survey, along grid lines over an area to be

surveyed. The grid lines are defined by some suitable means

prior to the survey on the surface of the earth. As will be

set forth below, the process of the present invention per-

mits a seismic display D of increased information content

which permits enhanced analysis of the seismic sections, such

as lateral continuity of events between sections.

The first step of the process, indicated schemati-

cally at 8 is to establish the positional relationship of the

grid lines of the survey in terms of the length of those

lines and the points at which they intersect. The relation-

ship of the lines is obtained from the seismic survey field

data. The length of the lines is also obtained from the

field data, and these lengths are preferably reduced to a

suitable scale according to the size of display D to be

formed. In order that the display which is produced shall

be isometric in accordance with the present invention, simu-

lating in two dimensions a three dimensional view, it is

necessary that the directions represented by the grid lines

on the display D not be at right angles to the traces of

those grid lines. This point may be more clearly seen by

referring to the display D (Fig. 1) according to the inven-

tion. Extending upwardly from a plurality of grid lines L

indicated are a large number of traces (two of which are in-

dicated as 10 and 12, respectively) which when assembled in

a side-by-side relation together produce a seismic section

along each grid line L.



Each such grid line L is at an angle to an x or

horizontal axis 14 while the traces are parallel to a y or

vertical axis 16. Thus the lower end of each trace in a

particular grid line L is offset from each of its two adja-

cent traces along the vertical axis by an amount, known as

the gradient or y offset constant, which is the same which-

ever trace one is considering in the display D. A step 18

is the second step in the method of the invention and is per-

formed to determine the amount of this offset required to

produce the isometric view which is desired. The amount of

this offset is determined by the sine of the angle between

the grid lines L and the x axis 14. Provision is made, as

indicated in step 20, for the angle between the x axis and

the grid line (and hence the offset) , to be altered if it is

indicated by a decision step 22 to be desired to change the

angle of view.

It is often the case that one is not interested in

all the geological strata underlying the surface of the

earth but only a certain portion thereof. For example, an

analyst may only be concerned with the older, lower strata. •

If the display D included all the strata, the upper strata

would at least partly obscure the lower strata, particularly

in those areas where the grid lines L intersect other grid

lines. Provision is therefore made according to the present

invention for disregarding those trace portions which are

above a particular top "horizon" of interest, which is

not necessarily a straight line and not necessarily a

horizontal line. For example, a particular reflection

event of interest may be chosen as the top horizon, as indi-

cated by the undulating upper portions of each of the seismic
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sections in the display D. This is done in the next step 24

of the method, the said particular line being defined by a

succession of selected points. If it were desired instead

to have a lower horizon, a cutoff view from below, it would

be necessary to define a bottom "horizon" instead of a top

one, removing portions of the seismic section therebelow.

A succession of steps is next carried out to com-

pute the x, y co-ordinates for the beginning and ends of all

the traces of all the sections being displayed. For this

purpose a line of origin, for example a grid line ""2-6, is

chosen as indicated by step 28 and all the other grid lines

are defined in step 30 using conventional analytic geometry

in terms of their length and their intersections with one

another and with the original line -26-. If necessary, a trans-

form may then be applied during step 32 to the whole set of

grid line co-ordinates to shift the point of origin so that

all co-ordinates are positive in order to avoid negative co-

ordinates. Conventionally
,

"seismic survey data or traces

along a grid line are processed in the sequence in which

they are obtained, with a header code defining the particular

trace number being incremented by +1 between each processing

step. Often, particularly during a marine seismic survey,

the survey proceeds in alternate directions on alternate

grid lines. For example, the survey vessel may move in a

direction indicated by an arrow 34 along a first grid line

36 and in the opposite direction as indicated by an arrow 38

along a grid line 40 adjacent the grid line 36.

To permit more orderly processing and facilitate

forming the display of the present invention, it is prefer-

able to call the traces from memory for display in the order



they occur along the x axis on the display D, necessitating

that traces in certain of the sections, such as the section

on grid line 40, be called forth in a reverse sequence from

their normal processing. To implement this, a decision step

42 determines whether or not a reversal of the line is to

take place. If reversal is determined to be required, a step

44 adjusts the header index or increment from +1 to be -1.

In this manner the last or leftmost trace in a line to be

reversed is called forth first, and the header code decre-

mented by 1 between each adjacent trace in the reversed line.

Thus , the traces to be displayed are called forth in the

order they occur along the x axis even when the survey was

obtained in a reversed sequence.

The data contents of the individual traces in the

sections are then read along the vertical or y axis during a

step 46 and any data above the desired top "horizon" is re-

moved during a step 48. The x, y co-ordinates for both ends

of each trace are now calculated during a step 50. This can

readily be done since the co-ordinates of the grid lines

have been defined and each trace occupies a known position

along a grid line and is of a known length.

It may be desirable to include in the display D a

representation of an auxiliary seismic variable, such as the

reflection strength of the seismic traces. This can advan-

tageously be done by using a colored display with different

colors representing different reflection strengths, or a

multi-variable seismic display with different display inten-

sities of the variable area or variable density display rep-

resenting different reflection strengths. Further details of

this can be obtained from copending Canadian patent application
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Serial No. 155,053 and Canadian Patent No. 1,007,351 assigned

to the assignee of the present invention.

An appropriate place for incorporating this feature

is shown in the flow chart at a decision step 52 and com-

puting step 54 before the trace data is written to mass

storage during a step 56.

The trace currently being processed is then stored

in mass storage with its accompanying header code during the

step 56. A decision step 58 determines if processing of

each trace by steps 46, 48 and 50 (as well as 54, where appli-

cable) has been performed. If not, control is returned to

the step 46 for calling forth another trace for subsequent

processing. In this manner, the traces to be disposed are

processed and labelled with their x, y co-ordinates in ac-

companying header codes and are then fed to mass storage.

The end co-ordinates of the stored traces are then

called from storage and sorted into ascending x order, and

into ascending y order for each x co-ordinate, so that all

traces with common x co-ordinates are sorted into y order,

during a sorting processing step 60.

The stage has now been reached when the display D

can be constructed. All traces having a common x co-ordinate

are retrieved from mass storage during a step 62 and a com-

posite record formed, in a manner set forth below, for that

x co-ordinate. The way this is done may be illustrated by

considering a vertical line 100 in the display D (Fig. 1).

The trace having the greatest y co-ordinate, and thus nearest

a top portion 100a of the line 100 is the first to be re-

trieved during a step 62. The trace is then stored during a

step 64. A decision step 66 determines whether all traces



for the currently processed x co-ordinate have been called.

If not, the next trace down or having the next largest y co-

ordinate is then retrieved. For those y co-ordinates of the

new trace which are the same co-ordinates of the previous

trace, and thus when displayed overlap or are superimposed

over a preceding trace, the data content of the portions of

the preceding trace are deleted. For example, those portions

of the trace which begins at 100a whose y co-ordinates are

the same as y co-ordinates of the trace beginning at point

100b are deleted, since they are not visible in the final

display D. Thus, where the upper end of the present trace

covers the lower portion of the trace retrieved first, the

lower portion of the first trace is deleted.

The process of the present invention continues in

the foregoing manner for each trace with the present x co-

ordinate. In the case of the line 100 it involves retrieving

five traces, until there is formed a complete composite re-

cord of how the traces along the line 100 appear when viewed

from the selected view point. At this point, a decision step

66 determines that all traces for the present x co-ordinate
.

have been processed, and then composite record so formed is

transferred during step 6 8 to an appropriate output display

device. A decision step 70 determines whether all x co-

ordinates have been processed by steps 62, 64 and 68. If

not, the present x co-ordinate header is incremented by one,

and control returned to step 62 for further processing in

the above manner. The foregoing procedure is carried out for

all x co-ordinates to build a composite record which can then

be displayed on a suitable flat or two-dimensional surface,

e.g. photographically or by other means, and will appear in



a form like that shown in the display D (Fig. 1)

.

It should be understood that the foregoing embodi-

ment is the preferred embodiment of the present invention,

although- numerous modifications, adjustments, changes in the

program language or flow chart format, or the data output

format, all coming within the scope of the appended claims,

will occur to those of ordinary skill in the art.
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CLAIMS :

1. A method of forming on a two-dimensional

display surface an isometric seismic display to simulate a

three-dimension view of seismic traces in plural seismic

sections, obtained along a two-dimensional grid of survey

lines comprising the steps of:

(a) assigning a two-dimensional, positional rela-

tionship on the display surface to the survey grid lines in

terms of their respective lengths and intersection points

on the display surface according to the isometric view to

be formed;

(b) assembling the seismic traces in an order

with respect to each other in accordance with the positional

relationship assigned to their grid lines by computing

horizontal and vertical co-ordinates for the beginning and

ending of the seismic traces; and

(c) displaying the assembled seismic traces on

the display surface wherein an isometric display is formed

of the seismic traces with increased information content on

the two-dimensional display surface.

2. The method of Claim 1, wherein said step of

assigning comprises the step of:

establishing a gradient for each grid line as

defined by the isometric view of the display to be formed.

3. The method Claim 1, wherein said step of assign-

ing includes the step of:

transforming the angle of the isometric view to a

new angle of view.

-10-



4. The method of Claim 1, wherein an origin point is

assigned in the survey grid lines and wherein said step of

assigning comprises the step of:

establishing horizontal and vertical co-ordinates

on a two-dimensional surface for the survey grid lines.

5. The method of Claim 1, including the step of:

storing the traces and their computed horizontal

and vertical co-ordinates.

6. The method of Claim 1, including the step of:

arranging the traces in a sequence according to

their computed co-ordinates.

7. The method of Claim 1, including the step of:

removing data portions of the traces outside

horizons of interest.

8. The method of Claim 1, wherein the traces along at

least one of the grid lines are obtained in an order oppo-

site to the order they would appear on the display and

wherein said step of assembling includes the step of:

assembling the traces along such at least one of

the grid lines in a reverse order to that in which the

traces were obtained.

-11-



9. The method of Claim 1, wherein said step of

displaying includes the -step" of:

(a) retrieving those traces having a common

horizontal co-ordinate in their assembled positional rela-

tionship in a sequence determined by their vertical co-

ordinate in their assembled positional relationship; and

(b) removing those portions of the retrieved

traces which are overlapped by succeeding retrieved traces.

-12-
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ESTABLISH POSITIONAL RELATIONSHIPS OP GRID
^-1 LINES, IN TERMS OF LENGTH, INTERSECTION POINTS,

ESTABLISH GRADIENT (' Y OFFSET CONSTANT ) FOR
EACH LINE, AS DEFINED BY THE REQUIRED
PERSPECTIVE VIEW

' ANGLE OF
''VIEW 1

^MODIFIED?

TRANSFORM THE
GEOMETRY FOR
REQUIRED VIEW

COMPUTE THE PROFILE DEFINING THE TOP
HORIZON FROM SPATIAL POINTS SUPPLIED

ESTABLISH FIRST LINE AT ARBITARY ORIGIN

FROM INTERSECTION WITH A PREVIOUS

LINE, ESTABLISH BEGIN AND END, X,Y
CO-ORDINATES FOR ALL OTHER LINES

APPLY TRANSFORM TO CORRECT FOR
NEGATIVE X,Y CO-ORDINATES SO

DISPLAY BEGINS AT X = 1 , Y = 1

• ZA

LINE TON
' BE REVERSEDN

ADJUST INDICES
INCREMENTS FOR
MASS STORAGE

LLOYD R. CHAPMAN
RONAN FRANCIS O'DOHERTY

Inventors

.

A Forney.



SORT ALL X,Y END CO-ORDINATES
INTO ASCENDING X,

ASCENDING Y
SUCH THAT ALL TRACES WITH COMMON

X CO-ORDINATES ARE .SORTED IN

ASCENDING Y ORDER

LLOYD R. CHAPMAN
RONAN FRANCIS O'DOHERTY
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RETRIEVE TRACES FROM MASS STORAGE
THAT HAVE COMMON X CO-ORDINATES

STORE EACH SUCCESSIVE TRACE AS
DEFINED BY X,Y START AND END
CO-ORDINATES IN HEADER

WRITE THE COMPOSITE RECORD TO

THE OUTPUT DEVICE

^^STO

LLOYD R. CHAPMAN
RONAN FRANCIS O'DOHERTY

Inventors.


